THE SEDIMENTATION RATE OF THE ERYTHROCYTES IN EXPERIMENTAL OBSTRUCTION OF THE GASTROINTESTINAL TRACT by Haden, Russell L. & Orr, Thomas G.
THE  SEDIMENTATION  RATE  OF THE  ERYTHROCYTES  IN 
EXPERIMENTAL  OBSTRUCTION  OF  THE 
GASTROINTESTINAL  TRACT. 
B:¢ RUSSELL L. H.ADEN, M.D.,  A~D THOMAS G.  ORR, M.D. 
(From the  University of Kansas School of Medicine, Kansas  City, Kansas.) 
(Received for publication, May 27, 1926.) 
The time required for the red cells to separate from the plasma  of 
dtrated blood varies widely.  Normally they remain suspended over 
a  long period, since all erythrocytes carry a  negative  charge and thus 
repel each other.  The maintenance of the electric charge is the  prin- 
cipal  stabilizing  factor.  Under  abnormal  conditions  the  cells  may 
lose the charge, agglutinate, and precipitat  e rapidly. 
Faehreus (1)  has shown  that the change in sedimentation rate is a  physico- 
chemical phenomenon dependent upon a variation in the properties of the plasma. 
Ceils which in one plasma separate rapidly, when placed in the plasma of a normal 
individual show a  normal sedimentation time; cells from a  normal blood when 
added to the plasma  of a  blood with a  rapid sedimentation rate, separate out 
quickly.  There is a qualitative change in the protein; an increase in the amount 
alone has uo effect.  Faehreus found a  relative increase  in the serum globulin, 
principally in the fibrinogen factor, of the blood when the sedimentation rate is 
increased.  Globulin  has  a  high  agglutinating power; albumen agglutinates  to 
only a slight extent.  The agglutinative capacity of a protein seems related to its 
general colloidal state; consequently the suspension  stability of the cells is de- 
pendent, in the last analysis,  upon a change in the colloidal state of the plasma. 
Tests of the sedimentation rate have been utilized in  clinical  medicine,  es- 
peciaUy in obstetrics and gynecology (2-4).  In numerous clinical conditions  the 
cells settle out more rapidly than normal.  Pregnancy is associated with a marked 
change in rate.  In general it has been found that in any condition in which there 
is an increased  protein destruction, the sedimentation rate is more rapid  than 
normal 
We have studied the suspension stability in a series of dogs in which 
an  obstruction  in  the  upper  gastrointestinal  tract  had  been  experi- 
mentally produced. 
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Method. 
All experiments were made on dogs.  No  food was given after operation or for 
24  hours  before  operation.  All  operations  were  done  under  ether  anesthesia 
with  aseptic  technique.  Blood for examination  was  obtained  from  the jugular 
TABLE  I. 
Sedimentation Time of the Erythrocytes of the Normal Dog. 
Time required to sediment. 
6 ram.  12 mm.  18 mm.  24 turn. 
min.  min.  min.  rain. 
Average (20 dogs) .............  653  1045+  1068+  1084+ 
Longest ......................  1440+  1440+  1440+  1440+ 
Shortest .....................  12  22  75  60 
TABLE  II. 
Obstruction qf the  Cardiac End  of  the  Stomach. 
Time required to sediment.  Blood. 
Dog No.  Day  after 
operation. 
16 
18 
6 nlm. 
m/n. 
1260 
105 
30 
330 
35 
25 
1440 
90 
40 
1440 
60 
12 mm.  18 mm. 
rain.  rain. 
255  1320 
75  150 
45  55 
1440  I  I 
57  120 
37  55 
i 
270 
50  70 
85  330 
24 mm. 
rain. 
1440 
240 
1440 
255 
m 
m 
N 
m 
Non-pmteinI  Chlorides 
m~ogen.  !  (asNaCl). 
rag.  rag. 
33  470 
40  480 
42  450 
150  420 
37  480 
31  460 
74  430 
31  480 
44  460 
121  450 
26  450 
48  390 
238  360 
vein before operation  and  at  24  hour  intervals  thereafter  until  the  experiment 
was ended by the death or recovery of the animal.  The obstruction of the pylorus 
and  cardiac  end  of  the  stomach  was  made  with  a  tape ligature  tightly drawn. RUSSELL  L.  ttADEN  AND  TttO~AS  G.  ORR  431 
The jejunum was obstructed  by severing the gut about 24 inches below the pylorus 
and turning in the cut  ends. 
The non-protein nitrogen was determined by the method  of Folin and Wu  (5) ; 
the chlorides were estimated on the  tungstic acid filtrate in the manner suggested 
by  Gettler  (6).  In  determining  the sedimentation  rate  Lintzenmeier tubes were 
employed as described by Friedlander  (2). 
TABLE  III. 
Obstruction of the Pylorus. 
Dog No.  Day after 
operafiom 
26  0 
2 
4 
6 
8 
27,  0 
2 
4 
6 
8 
1  0 
1 
2 
3 
8  0 
2 
4 
1 
Time required to sediment.  Blood. 
6 mm.  12 mm  18 mm.  24 mm.  Non-protein  Chlorides  mtrogen.  (as NaCI). 
r 
rain.  rain.  rain.  mln.  mg.  rag. 
1260  --  --  31  470 
--  80  150  1440  40  360 
45  --  105  255  67  350 
10  30  42  115  55  340 
--  20  30  50  70  340 
48  335  --  --  12  490 
23  27  35  100  79  320 
14  17  25  120  111  330 
10  14  20  45  t03  390 
--  12  17  22  108  470 
1440  --  ]  --  29  490 
60  160  --  27  450 
--  --  61  380 
17  27  39  107  77  340 
120  1440  --  --  35  ~  430 
75  210  240  --  30  300 
20  --  45  75  38  :  290 
15  25  45  90  60  360 
15  27  40  70  68  320 
15  21  30  45  26  500 
EXPEE !M'ENTAL  OBSERVATIONS. 
The sedimentation rate of the normal dog was found to vary widely. 
In Table I  is  shown the average for twenty dogs.  The average time 
required  to sediment even 6 mm.  was approximately  11  hours.  The 
longest time observed was over 24 hours and the shortest 12 minutes. 432  SEDTM'F..NTATION  OF  ERYTHROCYTES  IN  OBSTRUCTION 
The time required to separate to deeper levels was proportionately 
longer. 
In Table II are shown the sedimentation rates in four dogs  with 
obstruction of the cardiac end of the stomach.  In each animal there 
is a marked increase in the rapidity of settling after operation.  This 
change does not parallel the level of the  chlorides and non-protein 
nitrogen.  Much the same results are observed in obstruction of the 
TABLE  IV. 
Obstruction of tke Jejunum. 
Day after 
Dog No.  operation. 
23  0 
1 
2 
28  0 
2 
4 
6 
22  0 
1 
2 
24 
3 
6 rIlIIl. 
mln, 
310 
250 
30 
1380 
75 
30 
75 
90 
1620 
120 
120 
23 
Time required to sediment. 
I  12mm.  [  18ram. 
i 
rain.  rain. 
1500  1740 
490 
80  340 
110  165 
20  30 
42  50 
180 
165  255 
65  115 
1380 
320  1500 
50 
24 ram. 
rain. 
1440 
80 
65 
420 
150 
Blood. 
Non-protein  Chlorides 
nitrogen.  (as NaCI). 
i 
mg.  mg. 
33  470 
33  44O 
34  i  430 
i 
35  :  480 
30  l  44O 
51  !  400 
119  290 
24  470 
25  44O 
88  420 
26  460 
41  410 
35  330 
50  360 
pyloms (Table III).  After obstruction of the jejunum 
a  striking change in the sedimentation rate which does 
variations observed in the chemical study of the blood. 
there is also 
not  parallel 
DISCUSSION. 
The  striking variations in  the  suspension stability  of  the  blood 
observed in these experiments emphasize the changes taking place in 
the physicochemical state of the blood after obstruction of the upper RUSSELL L.  HADEN AND  THOMAS G.  ORR  433 
gastrointestinal tract.  The sedimentation rate is affected much more 
quickly than is the level of the chlorides and non-protein nitrogen. 
The sedimentation  rate follows closely the degree of agglutination 
of the red cells.  This may be well demonstrated by placing a drop of 
the citrated blood on one end of a  clean glass slide and allowing it to 
run  down  to  the  other  end.  With  normal  blood this  is uniformly 
smooth.  If  the  sedimentation  time  is  rapid  the  blood  film  has  a 
granular appearance due to the agglutination  of the erythrocytes. 
SUMILARY AND  CONCLUSIONS. 
The results of the study of the suspension stability of the blood after 
upper gastrointestinal tract obstruction are reported. 
After obstruction of the cardiac end of the stomach, of the pylorus, 
and of the jejunum the red cells separate from the plasma much more 
rapidly than  normal. 
The  variation  in  sedimentation  time  is due  to  a  variation  in  the 
physicochemical status of the blood. 
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